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Justin Sharp, Ph.D. and Sharply Focused 

• 1 year at BPA 

• 6 ½ years at Iberdrola 

• Founded Sharply Focused 
LLC in March 2012 

• Bridges the meteorology/ 
electric utility knowledge and 
culture divide 

• Major clients include 
EPRI, PGE, DOE, Vaisala   
and Lockheed Martin. 
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WFIP2 Partners 
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Outline 

• Motivation for WFIP2 

• Experimental design (field campaign) 

• Analysis of observations 

• Model development 

• Transfer to industry 

• Summary 
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Motivation: 
Wind Forecasting in Complex Terrain is really hard… 

Wake 

Example of mountain 
waves coming off the 
Cascades and a wake in 
the lee of Mount Hood 
from a 1KM WRF 
model simulation 
 
X’s mark typical global 
model resolution. 
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…and Small Errors have a Profound Impact 

Spread in wind speed 

Spread in power 

• Wind speed predictions are highly sensitive to the values of PBL Parameters 

• Power predictions are even more so!  Why? 

Movies/PowerCurveMovie.avi
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Mesoscale Physics and NWP Models 

A2e’s R&D Investments: 
• Wind Forecast Improvement Project  

WFIP 1 -> WFIP 2 

Vaisala, Inc. team; NOAA; DOE National Labs 

• Experimental Planetary Boundary 

Layer Instrument Assessment (XPIA) 

Dr. Julie Lundquist PI; (Univ. of Colorado) 

• Providing the physics to bridge grid resolution 

gap from 3 km to 750 m 
o Examining the physics of the atmosphere at the 

scales needed for accurate wind characterization 

o Meso- to micro scale numerical coupling methods 

based on improved physics 

o First step in capturing large scale complex terrain 

variability 

• Remote sensing instrument validation for state-

of-the-art wind observations 

Scientific Challenges for Wind Energy 
• NWP models are excellent at forecasting general weather, 

optimized for temperature & precipitation 

• Historically, errors tolerated for wind predictions at turbine 

heights result in significant errors in forecast power; P∝V3 

• Mesoscale atmospheric structure drives the microscale 

wind plant inflow but turbulence processes, temporal and 

spatial scales are mismatched: 
o Mesoscale  ≈ 3 km grid spacing, hour timescale variability 

o Microscale  ≈ 1-10 m grid spacing, second timescale 

variability 

• Conventional parameterizations not scale-independent or -

aware 
o Not designed to capture heat flux or moisture variability on 

high-resolution grids or in complex terrain 

o For the mesoscale, often assumes stationarity and horizontal 

homogeneity of subgrid-scale processes 

o Sharp surface moisture and temperature gradients increase 

errors 

• Improved NWP data assimilation methods are needed for 

state-of-the-art observations. 
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 Forecast Errors Expensive for Wind Industry 

 Two Main Ways to Improve Short-Term (0-45 hr) Wind Forecasts 

 Improvement of Model Initialization 

– Hypothesis: More accurate model initialization will provide a more 

accurate forecast 

– Current initialization data thin, particularly upper air 

– First field study (WFIP1): 2011-2012 

– Supplemented two areas with extensive observations 

– Demonstrated modest improvements in forecast accuracy 

 Improvement of Model Physics 

– Current parameterizations do not effectively account for complex 

terrain, where horizontal gradients are often important 

– Second field study (WFIP2): 2015-2016 with model analysis in 2017 

– Focus is to collect observations to evaluate and improve model 

physics, particularly for complex terrain, where much wind power is 

deployed 

 

WFIP Premise 
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• Funding Opportunity 

Announcement released by 

DOE in 2014 

• Vaisala, Inc. selected as 

awardee 

• Awardee works with larger, 

integrated WFIP 2 team: 

– NOAA-OAR 

– 4 DOE Laboratories: 

• Argonne National 

Laboratory 

• Lawrence Livermore 

National Laboratory 

• National Renewable 

Energy Laboratory 

• Pacific Northwest 

National Laboratory 
 

WFIP 2 Teams and Structure 

Washington 

Experimental 
Design 

Instrument 

Model 
Development 

Data 

Verification & 
Validation 

Uncertainty 
Quantification 

Decision 
Support Tools 

Steering 

Committee 

7 different teams report 

to Steering Committee 

• Steering Committee is 

composed of one 

representative from: 
– DOE HQ  

– NOAA  

– Vaisala  

– DOE Labs 

– DOE Contracting 
 

WFIP2 Implementation 
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GOALS 

• Improve our understanding of atmospheric flows and processes that 
occur in complex terrain and impact wind forecasts at hub heights. 
 

• Instrument the Columbia River Basin study area and carry out an 18 
month field campaign (began October 2015). 
 

• Develop physical parameterizations in WRF-ARW (with a focus on RAP & 
HRRR) to better represent physical processes and increase accuracy of 
wind forecasts in the 0-15 hour range, as well as day-ahead forecasts. 
 

• Develop decision support tools, e.g., probabilistic forecast information, 
uncertainty quantification and forecast reliability for system operations. 
 

• Transfer model improvements to NOAA/National Weather Service, other 
international forecast centers, and private industry. 
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Outline 

• Motivation for WFIP2 

• Experimental design (field campaign) 

• Analysis of observations 

• Model development 

• Transfer to industry 

• Summary 

 

 
Introduction to 

WFIP2 
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3 

Washington 
 
 
 
 
 
 
 
 
 
 
 
 Oregon 

 Seattle 
 
 
 
 
 
 
Portland 

 Mt. Adams 
 
 
 
 
 
 
Mt. Hood 

WFIP2  
Study  
Area 
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Columbia River Gorge 
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Columbia River Basin 



Page  © Vaisala  

 16 

The Wind Forecast Improvement Project In Complex Terrain (WFIP2) 

Northwest Weather Workshop, Seattle, WA – March 4, 2016 
© Sharply Focused LLC & Vaisala Inc..  Distribution Prohibited Without Express Written Permission 

Wind Turbine Locations 

Physics Site 
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Key Phenomena in WFIP2 Region 

(c)" 

(c)" 

wakes 

regional thermal contrast / 
gap flows 

Build up and erosion of stable layers 

16"m/s" 

 
 
 
 
 
8"m/s" 

 Mt." 
Hood" 

0100"PST"01"Dec"2013" 

 
  Mt."  Adams" 

 
 
 Columbia"R." 

Timing and intensity of 

0"m/s" 

Orographic lee waves and 
  

frontal passages 
  

(e)" (f)" 

(h)" 

1100"PDT"15"Apr"2014" 

2000"PDT"09"Aug"2013" 

(g)" 

PDT" 

." 

  0"m/s" 

    

Convective outflows 
 PDT" 

Marine layer / 
 
 

Ever-present challenge: 
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Synoptic Situations of Primary Concern for 

Wind Energy Forecasting in Study Area 

18 



 

• Blocked flow upstream 

of Cascades 

 

• Downstream of 

Cascades, locally 

persistent but evolving 

gap flows, downslope 

winds, and mountain 

wakes are prominent 

19 

. 

Mt Hood 

. 

Mt Adams 

9 hour loop from 3am to noon PT 

HRRR 750m Nest, 80m Wind Speeds 
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4 

11 wind profiling radars 
17 sodars 
5 wind profiling lidars 
4 scanning lidars 
4 radiometers 
10 microbarographs 
1 Ceilometer 
2 scanning radars 
28 sonic anemometers 
5 radiative flux systems 
 & soil moisture 

Biglow 
Canyon 
Tower 

10-20m Tower 
 180m Tower 

Physics Site 

2 km 

Multi-Scale Observations 

Introduction to 

WFIP2 

2

0 
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 Primary Models (Hourly Updated) 
 
 
 
 
 
Expanded (new) RAP domain (13 km) 
 
 
 
 
 
 
  (13 km) 

RAP (13km) 
Rapid Refresh 
 
 
HRRR (3km) 
High Resolution 
Rapid Refresh 
 
 
HRRR Nest (750m) 

Introduction to 

WFIP2 

2

1 
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Outline 

• Motivation for WFIP2 

• Experimental design (field campaign) 

• Analysis of observations 

• Model development 

• Transfer to industry 

• Summary 
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Introduction to 

WFIP2 

2

3 

23 

http://wfip.esrl.noaa.gov/psd/programs/wfip2/ 

• Observations from 

almost all instruments 

deployed for WFIP2 

• Compares 

observations to model 

forecasts 

• Web site is still 

evolving, but live now 

• Likely that 

observations from 

industry data partners 

will need to be hosted 

elsewhere 

 

Model/obs evaluation web page 



2

4 



Science 

Review  •  

Boulder, 

CO  •  

12-14 

May 

2015  

2

5 



 

• Both HRRRs strengthen the gap flow too 

quickly and too much near the surface. 

• HRRR-WFIP is slightly weaker (better 

match to obs) than the operational HRRR.  

• Both HRRRs do poorly above 1500-m after 

03 UTC, by advecting the Mt Adams wake 

too far south, over Wasco. 

26 

Comparison of CTL & EXP HRRR 
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SODAR vs HRRR Nest 

• Model underestimated 

wind speed, esp. near 

hub height 

• SODAR reports wind 

speed decreasing with 

height – suspicious… 



28 

Event Logging 

 • Classify weather events 

• Document main features 

• Compare model performance 

• Weekly weather discussions 

• Discuss results of RAP/HRRR 

testing 

• Select case studies 
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Outline 

• Motivation for WFIP2 

• Experimental design (field campaign) 

• Analysis of observations 

• Model development 

• Transfer to industry 

• Summary 
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• Scale-aware boundary layer 

physics - transition from 1D to 

3D (Kosivić & Jimenez) 

• Scale-aware subgrid-scale 

clouds (NOAA) 

• Scale-aware cumulus mass-flux 

coupled to PBL scheme 

(NOAA) 

• Improved numerics in complex terrain 

• IBM - Immersed Boundary Method 

(K. Lundquist) 

Model Development 
This diagram shows the form of the spectrum of turbulent energy. The peak 
energy occurs at a length scale L which gives an idea of a typical size of a 
turbulent eddy. In the atmosphere, this varies over the course of the day but is 
typically between a few tens of meters up to a kilometer.

The smaller the value of the model grid spacing D in NWP models, the more accurate 
the forecast, so we like to use the smallest possible D that the computer can handle. It 
is still unresolved how to appropriately parameterize subgrid turbulent mixing when 
D L.  This is why it is called the terra incognita (Wyngaard 2004, JAS).

Note: New model physics 

not yet implemented in 

WRF-ARW 

1-2 km 0.1 km 
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Errors from terrain-following coordinates 
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Development of a three-dimensional 

parameterization of turbulent mixing in PBL 
Conservation equation for the horizontal wind components: 

Objective: 

Incorporate a more consistent formulation of the 

turbulent fluxes based on first principles. 

 The vertical turbulent fluxes are parameterized by the PBL scheme  

 The horizontal turbulent fluxes are parameterized using Smagorinsky 

type (2D) diffusion scheme (Smagorinsky 1963) 

 Different closure assumptions between PBL and diffusion schemes 
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Conservation equation for the zonal wind: 

Objective: 

Incorporate a more consistent formulation of the 

turbulent fluxes based on first principles. 

 3D PBL scheme includes (diagnostic) parameterization of all six 

turbulent stress components and computation of stress divergence 

(Mellor and Yamada 1974,1982; Yamada and Mellor 1975) 

 Consistent closure assumption for all stress components 

Development of a three-dimensional 

parameterization of turbulent mixing in PBL 
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Outline 

• Motivation for WFIP2 

• Experimental design (field campaign) 

• Analysis of observations 

• Model development 

• Transfer to industry 

• Summary 
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Delivering information to operators 

Stable BL Mix-Out 

Mountain Wave Volatility 
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Alert Design and Validation 

▪ The alerts we design will be fully probabilistic 
▪ Whatever methods we choose will likely carry significant uncertainty, which 

must then be communicated to our users 

 

Wind Project:  Klondike 

09:00 – 12:00 

ALERT:  7 in 10 chance of stable cold pool mix-out leading to power up-ramp 

12:00 – 15:00 

ALERT:  3 in 10 chance of mountain wave induced power volatility (up/down) 

 

▪ The evaluation will require standard methods for verification of probabilistic 

forecasts of binary and possibly multi-category event types 

– Contingency analysis (hit, miss, and false alarm rates) 

– Event-based summary metrics (equitable threat score) 
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Summary 

WFIP2 provides a new opportunity to: 
 

• Observe and understand flows & processes in complex terrain 
• Gap flows, marine pushes, mountain wakes, trapped lee-waves, cold pool 

erosion 

• Improve NWP model physics in complex terrain 
• Data could be used to evaluate other models, especially global forecasts, 

and Improvements hopefully can be transferred to other models in other 

geographic regions 

• Develop new probabilistic decision support tools 

 

Most data will be available via DOE and NOAA archives 

 See: http://wfip.esrl.noaa.gov/psd/programs/wfip2/ 

 Contact: jim.mccaa@vaisala.com (PI); justin@sharply-focused.com  
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Questions 

“As yet the wind is an untamed and un-harnessed force; 

And quite possibly one of the greatest discoveries hereafter to be made 

Will be the taming and harnessing of the wind.” 

Abraham Lincoln, Bloomington, IL. April 4, 1858 

 


